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Method and System For Prediction Of Precipitation Kinetics In 
Precipitation-Hardenablc Aluminum Alloys 

Field of the invention 

[001] Tlie present invention relates to a method and a system for predicting precipitation 
kinetics, and more particularly to a method and a system for predicting and controlling 
precipitation kinetics in precipitation-hardenable aluminum alloys and for providing 
improved heat treatment conditions In dependence thereof. 

Background of the invention 

[002| Precipitation-hardenable alloys, such as the 7000 series aluminum alloys, are 
subjected typically to a series of precisely controlled thermal treatment steps to improve 
yield strength and corrosion resistance of the alloy. The mechanical arid physical 
properties of the heat-treated alloy depend upt)n the relative amounts of each of a 
plurality of differenl precipitate phases that are fomiod during the heat treatment process. 
Often, the amount of each precipitate phase is expressed as a volume fraction. The 7000 
series aluminium alloys are conventionally processed in the T6 temper condition (peak 
age) or T73 temper condition (overage). The T6 alloys usually contain predominantly 
meta-stable coherent precipitates and have high strength but poor resistance to stress 
corrosion cracking (SCC). The T73 alloys, on the other hand, contain large amounts of 
semi-coherent and incoherent precipitates and have good corrosion resistance but with a 
rather significant reduction in strength relative to that of the T6 alloys. 

[003] A treatment known as Retrogression and Rcaging (RRA) can be applied to 
material in a T6 temper condition (solution treatment followed by a 24 hours of artificial 
aging at 120^C) to yield material strength levels equivalent to the T6 materia! while also 
having corrosion resistance equivalent to the T73 condition. Tlie RRA process consists of 
two steps: a) retrogression in the range 1 80-240 X, followed by water-quenching and b) 
reaging al about llO^'C for 24 hours. The retrogression step a) is a very critical step and 
must be controlled carefully. At tlic higher temperatures of 220-240^^0 the optimum time 
for retrogression may be only a few minutes or even seconds, while at the lower 
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temperatures of 180-200°C the optimum time may be up to 60 minutes. Such a treatment 
can be used to obtain an optimised combination of strength and coiroiiion resistance in 
7000 i>eries alloys. RRA processing is of particular interest to aircraft opcratons^ as the 
technology can be eflectively applied to address issues of corrosion damage in ageing 
aircraft. The technology involves short lime heat treatment of alloys in the T6 temper, 
followed by a re-agcing treatment, as result of which SCC resistance equivalent to that of 
the T73 temper is achieved with no significant penalty in strength relative to that of the 
T6 temper. Application of RRA to aircraft components, either by bulk treatment or 
localized heal treatment, requires tight control over the thermal expos\3re history during 
processing. Unfortunately, there are no quantitative criteria that can be used to assess the 
properties of the processed component after it has been processed according to some 
arbitrary thermal exposure protllc. As such, the properties ol^ the alloy component must 
be determined by post-treatment testing, which testing often is other than practical when 
dealing with aircraft components. To overcome such disadvantage, a simulation of the 
precipitation reactions that occur during RRA will be beneficicil to optimise the process. 

[004] In '^Kinetics for . . , Predicting the Effects of Heat Treating Precipiiation- 
Hardenable Aluminum Alloys", Indmtrial Healing, 44(10) 1977 pp. 6-9, Staley 
discloses a process which permits quantitative compensation of effects of precipitation on 
ihc yield strength of the material during heating and/or during soaking either above or 
below the recommended tempemture. However, said proces.s produces the metal in cillier 
tlie T6 or the T73 temper state after quenching, and does not address the kinetic issues 
when a combination of strength and corrosion resistance is to be considered, 

|0U5] Therefore, a problem and a challenge to designers is to predict the properties of a 
material based on any thermal exposure it experiences, which may then be used as 
criteria for assessing heat exposure effects, including the effects of heat treatments. 

Object of the Invention 

|006) It is an object of tlie instant invention to provide a method for assessing 
temperature effects on prccipitation-hardcnabic aluminum alloys. 
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fOO?) It is aiiDtlier object of tlie instant invention to provide a method for optimizmg llic 
condition ofprocipitation-hardenable aiuminnm alloys through heat treatment. 

[008] n h iiiill another object of the instant hwention to provide a method for evaluating 
the effect of thennal exposure on precipitation hardenable-aluniinum alloy properties. 

f009] It is still another object of the instant invention to provide algorithms describing 
the precipitation age hardening reactions in aluminum alloys, which can be wrillen in the 
form of computer code and used in either open-loop or closed-loop mode to control the 
power input to a fumacc, oil bath or any other form of heating as used in industrial heat 
treating operations. 

2 Summary of the invention 

W 1001 0] The instant invention is directed toward a method and a system for providing 

H improved conditions for heat treatment of precipitation-hardenable aluminum alloy 

1 components, for instance the high strength 7000 series aluminum alloys, which arc the 

^ workhorse structural material for military/commercial aircmft. Particular properties of 

^- ^ 

S such alloys depend on the alloy precipitation state, which is sensitive to thermal 
^ exposure. Likewise, aluminum alloy structures otlcn incur heat damage due to 

O unexpected hot gas leaks from the engine(s) or fires. It is desirable lo control the heat 

treatment of precipitation hardenable alloys such that optimal properties are obtained for 
a particular intended service. A preferred embodiment of the instant invention Is herein 
described, wherein the precipitation kinetics of 7000 series aluminum alloys is predicted. 
Of course, the method and system according lo the instant invention arc thought to be 
applicable to aluminum alloys, including the 7000 scries aluminum alloys, in particular, 
and to precipitation-hardenable alloys in general- 

[001 1] In accordance with a prefenred embodiment of the instant invention, there is 
provided a method for providing improved heat treatment conditions for a precipitation- 
hardenable alloy comprising the steps of: 

a) affecting the temperature of the alloy to change an amount of a first 
precipitate phase relative to an amount of a second precipitate phase; 
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b) sensing an instantaneous temperature of the alloy and providing a signal in 
dependence thereof; 

c) calculating a value indicative of a current precipitate-phase composition of 
the alloy according to a series of predeteniiined rate equations and in dependence upon 
the provided signal; 

d) comparing the calculated value to a predetermined threshold vahie; and, 

e) affecting the alloy in dependence upon a result of the step of comparing, 
wherein the predetermined threshold value is characteristic of an alloy having at least one 
of an indicated yield strength, specific conductivity and coixosion properly. 

[0012] In accordance with another preferred embodiment of the instant invention, there is 
provided a method tor predicting precipitation kinetics in prccipitation-hardcnable alloys 
comprising the steps of: 

a) providing an initial value in dependence upon Cnsi and second intcr-convcrtiblc 
precipitate phases of the alloy; 

b) providing data indicallvc of thermal exposure of the alloy; 

c) calculating a value according to predetermined rate equations in dependence 
upon the provided initial value and the provided data; 

d) determining a value indicative of a current precipitate phase composition of the 
alloy in dependence upon the calculated value; and, 

e) affecting the alloy in dependence upon a result of the step of comparing. 

[0013] In accordance with yet another preferred emibodimenl of the instant invention, 
there is provided a system for predicting precipitation kinetics comprising: 

a holder for accommodating a sample of a precipitation-hardcnablc alloy 
having first and second inter-convertible precipitate phases; 

a temperature controller for affecting the temperature of the sample; 

a sensor in communication with the sample for providing a signal in 
dependence upon a sensed temperature of the sample; and, 

a processor for executing code thereon to calculate a value in dependence 
upon the signal, the value indicative of a current precipitate phase composition of the 
siimple, and for comparing the calculated value to a predetermined threshold value. 
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Brief description of the drawings 

{00! 4] Bxcmplary embodiments of the invention will now be described in conjunction 
with the following drawings, in which; 

[0015] Figure 1 shows a simplified flow diagram of a method for thcniially treating a 
precipilation-liardenable aluminum alloy according to the prior art; 

[0016] Figure 2a shows a system for optimizing the heat treatment conditions of a 
precipitation-hardcnablc aluminum alloy according to a first preferred embodiment of the 
instant invention; 

^ [0017] Figure 2b shows a system for optimizing ihe heal irealmenl conditions of a 

M precipitation-tiardenable aluminum alloy according to a second preferred embodiment of 

% the instant invention; 

'Pi 

ff^ [0018J Figure 2c shows a system for optimizing the heat (reatmeuL conditions of a 
O precipitation-hardcnablc aluminum alloy according to a third preferred embodiment of 
the instant invention; 

0 [0019] Figure 3 shows a simplified flow diagram of a method for optimizing the heat 
treatment conditions of a prccipitation-hardcnable aluminum alloy according to the 
instant invention; 

[00201 Figure 4 shows a simplified flow diagram of a method for assessing temperature 
effects on precipitation-hardeiiabie aluminum alloys according to the instant invention. 

Detailed description of the invention 

[0021] Referring to Figure 1, shown is a method for heat-treating a precipitation- 
hardenable aluminum alloy component according to the prior art. At step 99 the 
component is subjected to predetermined temperatures for predetennined periods of time, 
such as for instance under the control of a preprogrammed temperature program. 
Typically, a ihcmiocouplc is provided to mea^sure the temperature of the atmosphere 
surrounding the component and to provide a feedback signal in dependence thereof to a 
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heating mcaiis. The heating means, such as for instance one of an oven and a furnace, 
iLses the Iccdback signal to maintain an internal temperature according to the temperature 
program. Upon completion of the temperature program at step 100 the alloy component 
is removed from the oven or furnace and cooled. The component is subjected to post- 
treatment testing at decision step 101 and, when the properties of the component are 
within other than expected limits, the component is rejected at step 103 and the process is 
terminated at step J 04. When the properties of the component are witliin expected liintLs, 
the component is accepted at step 102 and tlie process is terminated at step 104. 
Optionally, a component tlial is rejected at step 103 is subjected to additional heat 
treatment cycles and post treatment testing to improve the properties of the component. 

[0022] It is a limitation ol' the prior art method of Figure 1 that the alloy component is 
assumed to be in tliermal equilibrium with a surrounding atmosphere of the oven during 
the entire period of heat treatment; ofcoursc, such is not necessarily the case. For 
example, convection currents within the oven and/or delays associated with the transfer 
of heal from the surrounding gas to the alloy component can cause the alloy component 
to be at a temperature different from that sensed by the thermocouple. Of course, 
optionally heat is transferred from a medium other than a gas, such as for instance a 
medium selected from the group including: an oil-batli, a molten salt bath, a woods-metal 
bath, and a lluidized bed. As such, the alloy component may in practice be subjected to 
heat treatment conditions that are other than optimal That said the final properties of the 
alloy component are difficult to predict absent post-treatment testing, which increases the 
cost of the acceptable products. 

[0023] Referring to Figure 2a, shown is a system for optimi^ing the conditions of heal 
treatment of a precipitation-hardenable aluminum alloy according to a first preferred 
embodiment of the instant invention. In use, a sample 1, such as for instance a 
component fabricated from a 7000 series aluminum alloy, is exposed to heat For 
instance, the sample 1 is placed inside an oven 2. The oven 2 is preferably conti'olled by 
d temperature controller 8, which provides power to a heating clement 9 according to a 
pre-programmed temperature program, A thennocouplc 3 is provided for sensing, in 
real-lime, the temperature of the sample 1 and for providing a signal in dependence upon 
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Ihe sensed temperature to a processor 6 of a process controller, such as for instance a 
personal computer 4, via an input/output port 5. Preferably, the thennoeouplc 3 is in 
direct thermal communication with the sampie I, such that in use the actual temperature 
of the sample 1 is sensed. The processor 6 is also in communication with a memoiy 
storage area 7. Optionally, means for affecting the temperature of the sample 1 other 
than the oven 2 is used- Further optionally, the composition of atmosphere surrounding 
the sample 1 is controllable, for instance the oven 2 includes a means for flowing an inert 
gas therethrough such as to prevent unwanted reactions occurring at the surface of the 
alloy being treated therein. 

f0024| Advantageously, the thermocouple 3 is used to sense, in real-lime, the actual 
H temperature of the sample 1 and not that of the surrounding atmosphere of the oven 2; as 
m such, errors associated with heat transfer to the sample 1 are obviated. Further, the 
2^ temperature program is dynamically modifiable by the processor 6 in dependence upon 
O signals provided by the thermocouple 3, the processor 6 having code for predicting the 
m phase composition of the alloy in execution thereon, 'llie code utili:6es a series of 

predetermined rate equations and initial conditions to process the real-time temperature 
ttl data and to predict the instantaneous precipitation state of the alloy. The processor 6 is 
^4 also in communication with the memory storage area 7 for storing calculated phase 

composition data therein. In basic terms, the calculated volume fraction of each phase 
within the alloy component is updated in an iterative fashion at predetermined time 
intervals during the thermal treatment of the component. When a predetermined phase 
composition is predicted, the processor 6 terminates immediately the heat treatment. 
Optionally, the processor 6 terminates a current step of the heat treatment process and 
initiates a second temperature program to modify further the alloy composition. Furtlier 
optionally, the alloy composition is expressed using other than a volume fraction. 

[0025] Referring to Figure 2b, shown is a system for optimizing the conditions of heat 
treatment of a precipitation-hardenable aluminum alloy according to a second preferred 
embodiment of the instant invention. Drawing elements identical to those previously 
described with reference to Figure 2a are assigned like reference numerals in Figure 2b. 
Iii the second preferred embodimeiit, an integrated process controller and temperature 
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controller 10 replaces the separate process controller 4 and temperature controller 8 of 
Figure 2a. The integrated controller 10 includes a processor (not shown) having code for 
predicting the phase coinposition of the alloy in execution thereon- Memory means (not 
shown) in communication with the processor is provided for storing calculated phase 
composition data therein, 

[0026] Referring ro Figure 2c, shown is a system for optimir.ing the conditions of heal 
treatment of a precipitation-hardenable aluminum alloy according to a third preferred 
embodiment of the instant invention. Drawing elements identical to those previously 
described with reference to Figure 2a arc assigned like reference numerals in Figure 2c, 
In the third preferred embodiment, the sample 1 is acccmmodaled within an oven 2 
which is preheated to a predetermined temperature, for instance by setting a thermostat 
1 ] of the oven 2, A ±ermocouple 3 is provided tor sensing, in real-time, the temperature 
of the sample 1 and for providing a signal in dependence upon the sensed temperature to 
a processor 6 of a process controller, such as for instance a personal computer 4, via an 
input/output port 5. In use, the processor 6 has code for predicting the phase composition 
of the alloy in execution thereon. The code utilizes a series of predetermined rate 
equations and initial conditions lo process the real-time temperature data and to predict 
the instantaneous precipitation state of the alloy, 'fhe processor 6 is also in 
communication wilh the memory storage area 7 for storing calculated phase composition 
data therein. In basic terms, the calculated volume fraction of each phase within the alloy 
component is updated in an iterative fashion at predetermined time intervals during the 
thermal treatment of the component. When a predetermined phase composition is 
predicted, the processor 6 provides a signal indicative of a desired result being attained, 
and the sample 1 is removed from the oven 2 by one of automated and manual means 
(not shown). Optionally, the composition of atmosphere surrounding the sample 1 is 
controllable, for instance the oven 2 includes means for flowing an inert gas therethrough 
such as to prevent unwanted reactions occurring at the surface of the alloy being treated 
therein. 

[0027) Referring to Figure 3, shown is a simplified How diagram of a method for 
optimizing the heat trealmenl condilions of a precipitation-hardenable aluminum alloy, 
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according lo the mj>tanL invention. At step 105 the absolute temperature T of the alloy 
componeat is sensed at the beginning t"0 of a preprograimned temperature program, 
where T is the temperature of the component as measured using a thermocouple attached 
directly thereto and t is a time maintained by a local clock, such as for instance a real- 
time clock of the processor 6. For RRA treatment, the alloy component preferably is in 
the T6 temper stale at step 105. A predetermined time period At is introduced at step 
106, during wliich time the heat treatment of the alloy component continues according to 
the temperature program. At step 107, a temperature of the alloy component is sensed at 
time t=t+At and a signal is provided to the processor 6 in dependence upon the sensed 
temperature. At step 108 the reaction rates for the formation of each precipitate phase are 
m assessed and at optional step 109 a series ofvalues representative of a current precipitate 
phase composition of the alloy is provided as output to a suitable information display 
device. At decision step 110 the current precipitate phase composition is compared by 
yQ the processor 6 to a predetermined threshold precipitate phase composition. If the current 
* ' composition is substantially identical to the predetermined threshold composition, the 
Q processor 6 sends a signal to the temperature controller 8 to terminate the temperature 
p program. The method terminates at step 102. Optionally, the processor 6 sends a signal 
to the temperature controller 8 to otherwise affect the temperature program. 
Alternatively, when the current composition differs substantially from the predetermined 
threshold composition, steps 106-110 are repeated, wherein the phase composition is 
updated in an iterative fashion during each cycle. 

[0028] Referring to Figure 4, shown is a simplified flow diagram of a method for 
assessing the effects of temperature on a precipitation-hardcnablc aluminum alloy, 
accordii^ to the instant invention. The method of Figure 4 will now be disclosed by way 
of an example in which a precipitation hardenable 7075 aluminum alloy is considered. It 
is to be understood, however, that the instant example is intended to be illustrative only, 
and is in not to be considered limiting in any way. At step 111 a set of initial vahies are 
provided in dependence upon the identity of the instant aluminum alloy. At step 112 a 
time clock is defined and initialized to t^O, At step 113 the absolute temperature T of the 
alloy component is provided at the beginning t-0 of the temperature program, where T is 
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the temperature of the component as measured using a thermocouple attached directly 
thereto. At step 114 a predetermined time period At is introduced, during which time the 
heat treatment of the alloy component continues according to the tempei-ature program. 
At step 1 15, a current temperature of the alloy component is determined at time t=ti At 
and a signal is provided to the processor 6 in dependence upon the current temperature. 
At step 1 16 a series of instantaneous temperature dependent first order rate equations are 
determined for the formation ki^f^nd the dissolution ki,j reactions according to equations 
1-6 



K,,f= (2.084x10"'* T) c^-^'^^""^^''^ 


(1) 


Ku = (2.084X10^^ * T) c(-('0W0-T-(R.77 8))/RT) 


(2) 


K2,.f=(2.084xlO'<'*T) e(-'^^«°'>'^T) 


(3) 


K2,.d = (2.084x1 0'°*T)e^-'^^'»^"''^T^ 


(4) 


K3,f= (2.084x1 Oi«*T)ct-'^»5^"^'^'> 


(5) 


K3,.d = (2.084x10'° * T) c^-^-^'""-''^'^"-^^ ■^>"«''^ 


(6) 



Wherein the prc-exponential factor 2.084x10 is a value obtained by dividing the 
BoUzmann constant k by Planck's constant /r, and the exponential term is an initial vakie 
provided in dependence upon the composition of the alloy and which includes a value 
indicative of an activation energy for a particular reaction step. 

[0029] At step 1 17 the rates of formation g[i] for each precipitate component arc 
calculated. For instance, predetermined rate equations for predicting the rates of 
fomiation g[i] of each known precipitation phase, i, of the alloy are represented in code 
for execution on the processor 6. The alloy dependent initial condition values are 
incoiporated into the executable code. Optionally, the alloy dependent initial values are 
read jfrom a database of values once the code is in execution on the processor 6. The 
alloy dependent initial values include a series of threshold temperatures, one threshold 
temperature Ti for each precipitate phase. When the temperature that is sensed by the 
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Lhermocouplc 3 exceeds the thieshold temperature Tj for a particular precipitate phase, 
llie rale of ibnnalion of tliat precipitate pliase is determined according to a first rate 
equation. Alternatively, when the temperature that is sensed by the thermocouple 3 is 
below the threshold temperature Tj for a particular precipitate phase, the rate of formation 
of that precipitate phase is determined according to a second rate equation. 

10030] In the case of a precipitation hardenable 7075 aluminum alloy the known 
precipitate phases are Guinier-Preston (G-P) zones, r\\ r\, which are herein represented 
by i=l, 2 and 3, respectively. Thus, g[il represents the rate of formation of G-P 7X)nes 
and Ti is the predetermined threshold temperature for the G-P zone phase. Then the rates 
of fonnation g[i] of each phase, expressed in terms of the rate of change of the vokmc 
fraction of each pha.se, are calculated according to the following equations: 

Is T>T3=425°C? 

Ifyestheng[3]=-k3,d*fl31„ [7] 

If no then g[3]=k3/l-fl3]o) -l<3.ci*iI3]o [^1 
T>T2=300''C? 

Ifyestheng[2]=-k2,,*ll21„ [9] 

If no then g[2]=k2,Kl- fl21„-fI3]o) -k2,d*f[2]o [10] 
1>T3=140^C? 

Ifyestheng[l]=-k3/fTl]o [^^1 

If no then g[l ]-k,Xl- iril„-Il2Jo-fl3]o) -ki,<,*fIl]o [12] 

Wherein ftl]o, fl2]o and {{S]^ are the volume fraction of G-P zones, ti' and ti at the 
beginning of the time period At. 

[0031 J At step 1 18 a current volume fraction of each precipitate component is calculated 
according to equations 13-14: 
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1. fI3M3]o"^g[3]*At [13] 

2. fI2]=f[2]o + g[2J * At 1141 

3. fIl]=flllo-Hg[lJ*At [15] 



[0032] At decision step 1 19 the cuirent phase composition of the alloy is compared to a 
predetermined phase composition. If the cujrent phase composition is within the 
predetermined limits, then the method is terminated at step 120. Alternatively, steps 1 14- 
119 are repeated until the current phase composition is within the predetermined limits. 

[0033) A pseudo-code programming tool for developing an algorithm according to the 
instant invention is presented below: 

1. Create two one-dimensional arrays^ each having three elements: f[3] represent 
three precipitate components and g[3] represent three reaction rates in 7075. 

2. Assign initial values to the precipitate components as: J[{l]-0.95, f[23=0,05, 
fI3]=0.0. 

3. Define a universal constant: R=831 . 

4. Define a time clock and initialize it to zero: t==0. 

5. Read temperature and time data: 

Tl -temperature, °C; 

dt-timc intcr\^aJ (5sec) between the current and the last time of reading, sec, 

6. Calculate the following variables as defined: 

T=TH'273 :absolute temperature 
K1H2,084E10*T)* exp(-l 14400/RT) :1st formation rate 
Kld-{2.084E10*T)* exp(-(t06000-T*(R-77.8))/RT) :1st dissolution rate 
K2t^(2,084iil0*'r)* exp(-143800/Rr} :2"'' formation rale 
K2d=(2.084E1O*T)* cxp(-149000/RT) :2"^ dissolution rate 
K3f-(2.084E10'*^T)* exp(-15850O/RT) :3rd formation rate 
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K3d(2,084EI0*T)* exp(-(63100-'r*(R-221.5))/RT) ;3rd dissolution rate 

7. Update tlie clock: t=t+dt, 

8. Check if the condition TI>425^C ii> met. 

If YES, calculate the third reaction rate as: g[3]=-K3d*ipi. 

If NO, calculate the third reaction rate as g[3]-K3f*^(l -f[3])-K3d*n;3] 

9. Calculate tlie amount of the 3'*^ precipitation component as: f[3]=f[3]-^-g[3]*dt 

1 0. Check if the condition Tl>300^ is met. 

If YESs calculate the second reaction rate as g[2]=-K2d*i'[2]- 
if NO, calculate the second reaction rate as: 
g[2]-K2f^(i-tl2J-f[3])-K2d*fl2] 

] ] . Calculate the amount of the 2"^ precipitation component as f[2]^fI2]-*-g[2]*df; 

12. Check if the condition TT>140^ is mcL 

If YES, calculate the first reaction rate as g[1]=-Kld*f[l]. 
If NO, calculate the lirst reaction rate as: 
g| ll=KlP(l-f[l]-fI2HI3])-Kld*fl 1] 

13, Calculate the amount of the 1^^ precipitation component as f[l]=f][l]-i-g} 1 |*dt 

14, Output fll],fI2] and f[3] 

15. Check (1 ) iril2]>0.71 and (2) if fI3]> 0.041, whichever is met first; if FALSE, 
reiterate stops 5 to 15; if TRUE, STOP. 

(0034] The actual code for execution on the processor 6 is developed using an 
appropriate computer coding language, such as for instance a machine code language 
selected from the group including: C-H- and Visual C-^+, Of course, other computer 
coding languages are used optionally, for instance a coding language selected in 
dependence upon the operating system of the processor 6. 
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[0035] It is an advantage of tlie instant invention that optimized heat treatment condition 
are delentiincd in real time and in dependence upon the predicted properties of an alloy 
component being treated. Further, post-treatment testing to determine the characteristics 
of the processed component is unnecessary because the precipitate phase composition of 
the alloy, and therefore the strength and corrosion resistance properties of the alloy, is 
known. 

[0036] FtJrther advantageoa<i]y, the instant invention is useful for predicting heat-induced 
damage to components of in service aircraft. The ability to predict and assess damage to 
a component prior to an actual failure of component allows the operator of the aircraft an 
opportunity to carry out an appropriate maintenance program or to replace the damaged 
component. Significantly, conventional heat damage assessment metliods using 
hardness-electrical conductivity correlations are unable to determine the material state, 
since the harness versus conductivity relationships in precipitation hardenable aluminum 
alloys often exhibit loop curves. As such, the method for predicting precipitation kinetics 
in precipitation-hardenable alloys according to the present invention provides a valuable 
and practical diagnostic tool for aircraft operators and engineers. 

[0037] Numerous other embodiments may be envisaged without departing from the spirit 
or scope of the invention. 
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